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Annulate lamellae have been observed in eggs of 
marine invertebrates (1, 6,  12,  13,  18),  rat sperma- 
tids  (11,  17),  crayfish  spermatocytes  (15),  the 
amphibian pancreas (17), the adrenal cortex of the 
fetal  rat  (14),  Sarcoma  37  cells  (4),  HeLa  cells 
(5),  Ehrlich and Yoshida ascites tumor cells (20), 
mammary  carcinoma  cells  of the  rat  (16),  and 
cells  of a  chicken  fibrosarcoma  (3).  Neither  the 
origin  nor  the  function of annulate  lamellae  has 
been established. 
In the present communication, annulate lamel- 
lae are demonstrated in Sarcoma I  cells grown in 
susceptible and  resistant strains of mice.  A  varia- 
tion  in  structure  of  annulate  lamellae  in  a  cell 
from  a  tumor  undergoing homograft rejection is 
described. 
MATERIALS  AND  METHODS 
SARCOMA  I:  The  ascites  form of Sarcoma  I  is 
maintained in our laboratory by weekly serial transfer 
of 0.2  ml of ascites tumor to the peritoneal cavity of 
mice of the A/Jax strain, the strain of tumor origin. 
The  tumor  cells  proliferate  unrestrictedly  in  the 
peritoneal cavity of the A/Jax mouse and commonly 
produce death on the 12th to the 14th day. 
TUMOR  INOCULATION  OF  C57BI/6K  MICE: 
Inoculation of C57B1/6K mice was accomplished by 
the  intraperitoneal  injection  of  0.2  ml  of  ascites 
tumor derived from A/Jax mice 7 to 8 days following 
tmnor challenge. The  tumor cells grow for about 6 
days,  at which time the process of tumor hotnograft 
rejection begins. Rejection is  in full  progress by the 
8th day and is complete by the 10th to the 12th day. 
Host  macrophages increase in  concentration during 
tumor  rejection  and  become  the  predominant host 
cell in the ascitic fluid during and immediately follow- 
ing tumor rejection. Following rejection the animals 
are immune to a second challenge with Sarcoma I, as 
evidenced  by  accelerated  rejection  of  tumor  cells 
used for reehallenge. 
ELECTRON  MICl~OSCOPY:  Ascitic fluid wasre- 
moved  from  tumor-bearing  A/Jax  and  C57B1/6K 
mice via a  25-gauge needle attached to a  tuberculin 
syringe. The ascitic fluid was transferred immediately 
to  cold  osmium  tetroxide  buffered  with  s-collidine 
(2).  The  solid  material  settled  to  the  bottom  and 
formed a  semisolid mass which eliminated the need 
for centrifugation in this and in subsequent steps of 
the  procedure.  After fixation for  40  minutes  to  an 
hour at 4°C,  the cells were dehydrated in ascending 
concentrations of ethanol and infiltrated with propyl- 
ene  oxide  followed  by  increasing  concentrations of 
epoxy resin in  propylene oxide.  Embedment was in 
epoxy resin (7). Thin sections were cut with a Dupont 
diamond knife or  a  glass knife  mounted on  a  LKB 
Ultratome.  The  sections  were  stained  with  lead 
hydroxide  according  to  Luft's  (8)  modification  of 
Millonig's  (10)  stain  and  observed  in  an  RCA 
EMU-3G. 
OBSERVATIONS  AND  DISCUSSION 
Annulate lamellae were observed in the cytoplasm 
of approximately 15 of 100 Sarcoma I cells derived 
from  2  C57B1/6K  mice  and  5  of  100  such  cells 
from  one  A/Jax  mouse.  All  three  mice  had  re- 
ceived tumor cells 8 days earlier. One of these sar- 
coma cells containing annulate lamellae is shown 
in Fig.  1. This cell was obtained from a  C57B1/6K 
mouse.  Annulate  lamellae were  also  observed  in 
one  tumor  cell  taken  from  the  ascitic fluid  of a 
C57B1/6K  mouse  3  hours  after rechallenge with 
sarcoma cells given on the  10th day after primary 
tumor challenge. 
Approximately  50  per  cent  of  sarcoma  cells 
from the 8-day tumors in  C57B1/6K  mice exhibit 
degenerative  changes  resulting  from  the  homo- 
133 FIGURE  1 
FIGUI~ES 1 to 7  All electron micrographs except Fig. 5  are of thin sections of Sarcoma I  cells removed 
from the t)eritoneal cavity of one or t]m other of two C57B1/6K mice on the 8th day after intraperitoneal 
transplant of Sarcoma I. Tim section shown in the electron micrograph in Fig. 5 was from a Sarcoma I  cell 
from an 8-day ascites tmnor in an  A/Jax mouse. 
Abbreviations for Figures 
A, annulate lamellae 
ER, endoplasmic reticulum 
G, Golgi complex 
L, lipid body 
FIGURE  l 
M, mitochondria 
N, nucleus 
P, pore 
R, ribosomes 
Annulate lamellae (A)  in a  Sarcoma I  cell from a  C57Bl/6K inouse. )<  7,800. 
FIGURE  ~  Annulate lamellae located in the region of the Golgi complex (G).  Note  cou- 
tinuation of annulate laluellae into endoplasufic reticulmn (ER).  X  35,000. 
FIGURE  3  Pores  (P)  at  frequent intervals along the laInellae.  A  diffuse amorpllous ma- 
terial or a fine membrane-like structure is present within the pores. Note "annular tubule" 
extending from one lamella to another (circle). A segment of membranes bearing ribosomes 
(ER) is interposed between smooth lamellar membranes. An asterisk (*) marks an unusual 
relationship between membranes of two lamellae.  X  50,000. 
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observed  in  three  of  the  cells  from  C57B1/6K 
mice  that  contained  annulate  lametlae.  Two  of 
these  cells  showed  the  cytoplasmic  blebs  fre- 
quently  seen  on  degenerating  tumor  cells, 1  al- 
though  not  illustrated  in  this  paper.  The  third 
tumor  cell  had  been  engulfed  by  a  macrophage. 
Degenerative changes were not apparent in any of 
the  remaining  cells  containing  annulate  lamellae 
face-on  view  of  annuli  surrounding  the  pores  is 
shown in Fig.  4. The fine structure strongly resem- 
bles that of the annuli of the nuclear envelope  (1, 
13,  17,  19,  21).  The outside diameter of the pore 
complex is approximately  1000 A  and the diame- 
ter of the center area of low density is 600 A.  The 
thickness of the wall  of the tube representing the 
annulus is 200 A.  Structures similar to the micro- 
cylinders  of  the  annuli  of  the  nuclear  envelope 
FIGUrtE 4  Annulate lamellae (A)  are seen near the nucleus  (N)  and in contact with a  lipid hody  (L). 
A tangential section of membranes showing a  face-on view of annuli is seen at the left of the picture. 
Suggestion of mierocylinders within the annuli is indicated by an arrow (S). Tile very dense irregular par- 
tic]es are the result of specimen contamination. X  60,000. 
from  either  the  C57B1/6K  mice  or  the  A/Jax 
mouse. 
~Ihe  annulate  lamellar  structure  occurred  in 
various  positions  in  the  cytoplasm  but  most  fre 
quently  in  the  region  of the  Golgi complex  (Fig. 
2).  It  consists  of  parallel  cisternae  arranged  in 
series at regular intervals of approximately  1000 A 
and totaling as many as 8 cisternae each bounded 
by a  smooth membrane and  interrupted  at inter- 
vals by pores  (Fig.  3).  The  pores often  appear  to 
contain  a  diffuse  amorphous  substance  or  a  fine 
membrane,  as  described  by  Rebhun  (13).  A 
1 Unpublished observations of V.  Chambers. 
described  by Wischnitzer  (21)  are  evident within 
the annuli  (Fig.  4).  The extension of the annulus 
to  form  a  tubule  extending  from  one  lamella  to 
another was  described  by Swift  (17).  Evidence of 
annular  tubules  is  seen  in  Fig.  3  (encircled). 
Tubules  of  this  sort  have  also  been  observed  in 
association with nuclear annuli ( 19,  21 ). Although 
the tubules in the nuclear annuli may not have the 
same  significance  as  those  of  annulate  lamellae, 
they do  increase  the  resemblance  between  annu- 
late membranes and nuclear envelope. 
Small  circular  profiles approximately  200  A  in 
diameter  are  visible in  Fig.  5  at several  points at 
which  the  membranes  are  interrupted  by  pores. 
136  n  n  I  E  r  N  o  w  E  S FIGUliE  5  Numerous ribosomes  (R)  at  the  ends  of  the  lamellae.  Some appear free in  the cytoplasm; 
others are attached  to  membranes. A  few ribosomes occur between lamellae.  Small circular profiles are 
visible at several points where the membranes are interrupted  by pores  (7).)<  4~,000. 
FIGUnE  6  A  structure resembling annulate lamellae in  a  Sarconm  I  (!ell from a  regressing tumor.  The 
lamellar membranes lack typical annuli. Tubular structures (eircle)  connecting ~ pairs of parallel lamellae 
closely resemble "annular tubules." Dense granules (7)  appear at several junctions between  the  tubular 
structure and the lamellar membrane. X  58,000. 
FIGURE 7  The same structure as ttlat shown in Fig. 6, a  few sections distant. A close association is seen 
between ~ of the lamellae and the nuclear envelope (f).  X  49,000. Their  position  corresponds  to  that  of  the  pore 
wall,  suggesting  that  they  may  be  related  to  the 
annulus.  However,  these  circular  profiles  differ 
from  those  of the microcylinders in their orienta- 
tion with respect to the annular tubule. The micro- 
cylinders  appear  to  be  arranged  parallel  to  the 
long axis of the  annular  tubule  and  are observed 
as circular  profiles only when  the  annulus is pre- 
sented  in  face-on  view.  If the  circular  profiles  in 
Fig.  5  also  represent  cylinders,  these  cylinders 
would  necessarily  be  arranged  obliquely  or  pei~ 
pendicular to the long axis of the annular tubule. 
An unusual relationship between membranes of 
2  neighboring lamellae  is seen  in  Fig.  3  (*).  ~fhe 
membrane  of a  dilated  cistern  at  the  end  of one 
lamella is seen in close approximation to one mem- 
brane  of  a  neighboring  lamella  that  partially 
encircles  it.  There  is  a  suggestion  of  periodicity 
within the dense material interposed  between  the 
2  membranes.  The  significance  of  this  arrange- 
ment is unknown. 
The  continuation  of  annulate  lamellae  into 
rough-surfaced  endoplasmic  reticulum  has  been 
demonstrated by Epstein  (5)  and Rebhun (13).  A 
similar  relationship  was  observed  in  the  present 
study (Figs. 2 and 3). A segment of rough-surfaced 
membrane  interposed  between  and  continuous 
with  segments  of  smooth-surfaced  membranes  is 
seen  in  Fig.  3.  Numerous  ribonucleoprotein  par- 
ticles  frequently  are  present  at  the  ends  of  the 
lamellae  (Fig.  5).  Some of these ribosomes appear 
to  be attached  to  the lamellar membranes  at the 
ends of the cisternae; others appear  to  be free  in 
the  cytoplasm.  This  association  with  ribosomes 
and  rough-surfaced  endoplasmic  reticulum  sup- 
ports  the  view  that  the  function  of  annulate 
lamellae is related  to protein synthesis  (17). 
A  body resembling an  annulate lamellar struc- 
ture was observed in one of the degenerating sar- 
coma  cells  that exhibited  cytoplasmic  blebs.  The 
cell  was  from  an  8-day  tumor  in  a  C57B1/6K 
mouse and was  apparently undergoing homograft 
rejection.  A  section  of the  structure  is  shown  in 
Fig.  6.  Although membranes resembling those  of 
normal  annulate  lamellae  are  present,  typical 
annuli are  not  evident.  The  electron micrograph 
gives the  impression  of paired  cisternae joined  at 
intervals  by  tubule-like  structures.  The  outside 
diameter of the "tubule" is approximately 800 A. 
A  dense granule  is present  at  several junctions of 
"tubule"  walls  with  lamellar  membranes.  Small 
areas  of  low  density  are  seen  at  several  of  the 
protuberances along the lamellae. 
Another view  of the structure  shown  in  Fig.  6 
was  obtained  after  several  serial  sections  and  is 
presented  in  Fig.  7.  This view shows  a  somewhat 
different  relationship  between  the  membranes, 
with less intercisternal space  and  loss of the  con- 
necting tubule-like structures.  A  close  association 
between  2  lamellae  and  the  nuclear  envelope  is 
seen.  Other  investigators  (6,  9,  13,  17)  have  ob- 
served  an  association  between  annulate  lamellae 
and  the nuclear envelope in other cells and  have 
proposed the view that annulate lamellae originate 
from  the nuclear  membrane.  It  is suggested  that 
the presence of abnormal lamellae in the cell under 
study  may  reflect  a  degenerative  change  in  the 
annulate  lamellae  or,  perhaps,  in  the  nuclear 
envelope where the lamellar structure is thought to 
arise.  It  is  not  known  whether  this  variation  of 
annulate lamellae  is characteristic of cells under- 
going homograft rejection. 
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